Solutions of fibrinogen show two endothermal (denaturing) 
The three-dimensional structure of the fibrinogen molecule has long been a controversial issue, still unresolved (1, 2) . The most popular and enduring three-nodular model of Hall and Slayter (3) has been challenged recently. Some of the models proposed to replace it are variations of the Hall and Slayter model (4, 5) , but the Koppel model (6) constitutes a radical departure. Studies of the proteolytic dissection of fibrinogen (7) (8) provide strong support for the three-nodular model, since limited proteolysis produces three large fragments which comprise 65% of the weight of fibrinogen, and peptides which make up the remainder of the molecule (10) . Depolarization of fluorescence measurements (11) indicate a looseness in organization of the native molecule compatible with the threenodular model, but the interpretation of these fluorescence experiments rests on a number of assumptions.
The thermal denaturation of fibrinogen was investigated in search of additional support for a model composed of three compact subunits § linked by relatively long stretches of peptide chains, i.e., lacking cooperativity between subunits.
The high-molecular-weight fragments §, D and E, isolated after proteolytic cleavage of fibrinogen are known to be heatdenatured at widely separated temperatures (8) . The present Abbreviations: DSC, differential scanning calorimet-er/ry/ric; Td, denaturation temperature; AHd, enthalpy of denaturation. (14) , and the digest was fractionated on a 100-cm Sephadex G-200 column. The main peak (63.5% of the weight of protein put on the column) was dialyzed against distilled water and lyophilized. The Fig. 3 shows that both of these processes appear to take place at approximately the same rate. Aftei the short induction period of about five times the clotting time (during which separate experiments show that the turbidity change on clotting is essentially complete), the kinetics for these changes appear to be first order. The rate at which these changes in the denaturation properties of the D subunit take place is a function of thrombin concentration. However, altering the concentration of thrombin does not alter the extent of the change in either Td or AHd of D. Neither the Td nor AHd of the E subunit appears to change significantly after clotting. A clot heated in a test tube does not dissolve, but instead becomes more turbid as. the 50°-60°temperature range is attained. Accordingly, thermal effects from the dissociation of the fibrin polymers appear to be absent. It has been reported that uncrosslinked fibrin does not dissolve when heated in solutions of low salt concentration (17) .
DISCUSSION
The principal findings of these experiments, that portions of the structure of fibrinogen undergo thermal denaturation independently, and that these portions correspond to the D and E fragments obtained on limited proteolysis of native fibrinogen (8) , are results that could be expected on the basis of the Hall and Slayter model (3) of fibrinogen. they are also consistent with other nodular models that have been proposed (4, 5) . However, there does not appear to be any way to reconcile these results with the model of fibrinogen proposed by K6ppel (6), since that model appears to require cooperativity At longer times after clotting, the thermal stability of the D subunit increases, while that of the E subunit appears unchanged. It cannot be concluded from this last observation that no significant interaction takes place between D and E subunits in the clot, since the thermal denaturation of the E subunit is only observed when the D subunit has already been denatured. On the contrary, there is electron microscopic (19) and chemical (20) evidence for association of D subunits with E subunits in the initial formation of overlapping fibrin dimers after the A and B fibrinopeptides have been split from the E subunit by thrombin. Whether the interactions leading to increases in Td and Anid of the D subunits are D-D interactions of D-E interactions, or both, the strength of the interactions between D and E subunits is not sufficient to cause both to denature simultaneously, as trypsin and soybean trypsin inhiibitor do when associated (16) .
The increase in Td and AHd of the D subunit does not appear to begin until after about five times the clotting time measured in the usual way-by visual inspection of gel formation.
Release of A and B fibrinopeptides is niostly completed in this time period (21) . Since (22) (23) (24) , and that serves to orient the D subunit pairs preparatory to covalent crosslinking by Factor XIII. The ordering of these reactions in time could be determined by the relative rates of hydrolysis of the corresponding peptide bonds. Slow changes in fibrin gels in the absence of Factor XIII activity have been observed by measurements of gel elasticity (25) (26) (27) . It has been suggested that a slow reorganization of the fibrin network is the rate-limiting step for crosslinking by Factor XIII (26) .
The polymerization of fibrin at pH 6.9 has been shown to be exothermic by 45 keal/mole - (28, 29) . Accordingly, the enthalpy of denaturation of the fibrin clot might be larger than the enthalpy of fibrinogen by this amount. Since Atd for two D subunits is 730 kcal/mole of fibrin, an increase of 45 kcal/ mole would be a 6% change. These DSC results (Fig. 3 A previous study of the heat-denaturation of fibrinogen (30) indicated that the coagulation temperature was in the neighborhood of 55°. The transition temperature of fibrin also has been reported to be approximately 550 (17) . It is evident from the present study that this temperature corresponds to denaturation of the D subunit only, and that denaturation at this temperature leaves the E subunit intact. This difference in heat stabilities of the subunits was used to prepare the E fragment from the mixture of D and E fragments.
The enthalpies of denaturation observed for the D and E fragments and subunits ( 
